Femtosecond time-resolved transient grating technique was adopted to insight into the intrachain exciton diffusion of MEH-PPV in solution with different polarity. Broadband whitelight continuum was introduced as the probe to observe the transient absorption and the femtosecond time-resolved transient grating information simultaneously. The vibrational dephasing behaviors, single exciton relaxation, and population relaxation dynamics of MEH-PPV were systematically investigated. The result shows that the relaxation processes of the sample solution will be accelerated in the solvent with larger polarity.
I. INTRODUCTION
The conjugated polymer materials have achieved much attention because of their significant application in the photoelectronic area [1−3] . The conjugated polymer materials have various properties and can be processed into solution or films via chemical synthesis. Polymer materials can be easily coated on a variety of substrates even including mechanically flexible ones. This tunability allows the optoelectronic devices, such as light-emitting diodes (LED) [3] , photovoltaic cells [4] , chemical sensors [5] , and transistors [6] , to be produced. The conjugated polymer materials will be the key to achieving the miniaturization of semiconductor devices [7] .
Recently, ultrafast nonlinear laser spectroscopy technique [8−10] has been improved greatly and becomes a facilitative tool to investigate the photophysical processes and photochemical problem. Poly[2-methoxy-5-(2 ′ -ethylhexoxy)]-1,4-phenylene vinylene (MEH-PPV), a derivative of PPV, is a typical organic conjugated polymer with photoelectric property [11] . The electronic and optical properties of MEH-PPV have been widely studied due to their utility in organic optoelectronic devices [12−14] . The MEH-PPV itself is known to be a hole transport material. Moreover, the MEH-PPV can be a crucial component of composites in some optoelectronic devices.
In the quantum system, the particle vibrates by itself, and the self-vibration may lead to the interaction * Author to whom correspondence should be addressed. E-mail: lixcyy@163.com between the particles. The vibration dephasing refers to the phenomenon that the coherence was caused by the electron which was transited to the excited state after excitation decayed over time. The transient grating technique is an all optical technique that uses short light pulses to control the photoexcitation process in time and in space [15] . This technique allows us to selectively address and observe photoinduced charge transport (diffusion or drift of charge carriers) and excited state diffusion. In this work, we employed the femtosecond time-resolved transient grating (TG) technique to systematically investigate the vibrational dephasing behavior, single exciton relaxation, and population relaxation dynamics of MEH-PPV.
II. EXPERIMENTS
The MEH-PPV was purchased from Sigma-Aldrich, and then was dissolved into toluene and tetrahydrofuran (THF) at the concentration of 0.5 mg/mL, which were marked as sample A and B respectively. The polarities of two solvents are 2.4 and 4.2, respectively. The sample was measured in a 1 mm path length quartz cuvette. Steady absorption measurements were carried out by UV-Vis absorption spectroscopy (Purkinje, TU-1810PC). The photoluminescence dynamics are collected by time-correlated single photon counting (TC-SPC). The pulse generated from the femtosecond laser (Coherent) was split into two parts, as previously reported [16] . One was used to generate a white light continuum (WLC, k 3 ) as the probe beam by focusing the beam into a sapphire crystal. The other one was used to pump TOPAS to generate the excitation pulse at 490 nm, which was modulated by a synchronized optical chopper (Terahertz Technologies Inc., C-995) with
The boxcars configuration of three pulses, (B) the real picture of laser pulses and diffraction signals, (C) the probe pulse covered the pump pulses, which detect the population variance of carriers, (D) the evolution process of carriers created by transient grating originated from pump pules, which depends on the diffusion and recombination of carriers.
a frequency of 500 Hz. And the pump pulse was divided into two components (k 1 and k 2 ). Then the three pulses (k 1 , k 2 and k 3 ) were together focused onto the sample through a convex lens. The TA and TG spectra were recorded with a highly sensitive spectrometer (Avantes, AvaSpec-2048×6). The dynamic data were detected by a photomultiplier tube (Zolix, PMTH-S1-CR131) connected to a lock-in amplifier (Stanford Research, SR830 DSP). The excitation spot was about 0.5 mm in diameter. All measurements were performed at room temperature.
III. RESULTS AND DISCUSSION
The probe pulse totally covered the area of two pump pulses for the total detection of the population variance of transient species in the excitation region as seen in FIG. 1(A) . The distribution of the pulse and the corresponding signal is shown in FIG. 1(C). FIG. 1(D) is an image of the actual laser pulses and diffraction signals in dark. The sample absorbed the two interfering pump pulses with equivalent polarization directly and then formed a thin free charge carrier grating. The period of the grating is defined by the following equation [17] :
Here, θ represents the angle between k 1 and k 2 , and n is the refractive index of the sample. From FIG. 2 , it can be observed that both the wavelengthes of the absorption peak and the emission peak of MEH-PPV which was dissolved in THF undergo an obvious blue shift of nearly 33 nm compared to those in the toluene solution due to the solvent polarity, while the degree of negative solvatochromic shift of absorption spectra was much significant than that of emission spectra as the solvent polarity increased, and the degree of the blue shift of absorption spectra was much greater than that of emission spectra as the solvent polarity increased. The shifts can be explained by that the conjugation length of the polymer changes in different solvents. It is well known that the absorption band of oligomers shows a steady red-shift with an increasing conjugation length [18] . Thus, a shorter average conjugation length of MEH-PPV in THF compared to toluene explains the blue-shift absorption spectrum. The inset in FIG. 2 illustrates the PL delay curve of the solution at the wavelength of emission peak. The life time of the THF solution is very short, but it is a little longer than that of the toluene one, because there is an extra shoulder emission in the toluene solution, while it is weak in THF.
The time-dependent TA spectra of MEH-PPV in toluene and THF solvents at different delay time are presented in FIG. 3 , when the length of focus is 40 cm. Four main spectral features are exhibited: three positive bands and one negative band. The positive bands are overlapped with the steady emission spectrum, which is owing to the stimulated emission. The PL spectrum of MEH-PPV in toluene is fitted through Gaussian, which shows three fitted peaks exactly corresponding to the positive TA peak bands. The negative band is assigned to excited state absorption after excitation or the photo-induced absorption of the excited state. And the TA spectrum of the MEH-PPV which was dissolved in THF can be seen in FIG. 3(b) . It shows similar features, which is composed of three positive bands and one negative band at the similar wavelength. But the relative strength of P1 peak in THF is a little higher than that in toluene corresponding to the peak difference in PL spectrum. The three PL peaks (P1, P2, P3) shown in FIG. 3(c) was obtained from the PL spectrum in toluene solution fitted by three Gaussians, which correspond to the radiation recombination of interchain excitons. Simultaneously, the lifetime of TA signal in THF is shorter and it decays faster. In order to compare the attenuation of the TA signal in the two solvents more intuitively, the TA kinetic curves of the three positive characteristic signals of the two solvents are given in  FIG. 4 . We can clearly see that the higher the polarity of the solvent is, the faster the TA kinetic curve decays. It indicates that the exciton dissociation becomes faster as the polarity of the solvent increases.
Since the area of WLC completely covers that of the pump lasers, the population's variance of transient species induced by pump laser in excitation region would be probed by WLC. Therefore, it is possible to probe the TA and TG signals of the same sample under the same condition. Due to the transient species induced changes in the absorption and refractive index, this distribution of transient species forms a mixed amplitude-phase grating from which the probe can be diffracted. This is the most important advantage of the broadband TG techniques. FIG. 5 offers that TA and TG relaxation rates of MEH-PPV in both solvents have a huge difference. The transient-grating measurement was taken to investigate the population relaxation and the single exciton relaxation at the same time. The transient-grating signal and the transient absorption signal refer to the excited-state population and the single exciton, respectively. Single-exponential dynamics appears as a single-exponential decay, but the TG curve is fitted with a double exponential. The slowdecaying component is dominant in the signal while the fast rising component is observed on a picosecond time scale which is regarded as the vibrational dephasing behavior.
The relaxation rate of TG curve is faster than that of TA curve, exhibiting that the population of exciton could change little during its TG process. The TG signal mainly reflects the vibrational dephasing behavior of transient species. It means that the phase information could be retained in the hole polaron of MEH-PPV domain through the ultrafast coherence transfer process. Comparing the TG curves of MEH-PPV in different solvents, it is obviously seen that the dephasing rate obviously becomes slow in comparison with that of exciton, indicating that the phase information on exciton is really maintained and prolonged owing to hot exciton dissociation. This also confirms that the coherence transfer of the hot exciton dissociation on the initial vibrational non-equilibrium state could transfer phase information. In THF solution, the phase information would easily be destructed due to the shorter lifetime of exciton in high polarity solution, which leads to the fast dephasing process. It further confirms that the effective exciton dissociation occurs in high polarity solution.
IV. CONCLUSION
In summary, the relaxation processes of the sample solution can be accelerated in the solvent with larger polarity. The femtosecond time-resolved transient grating (TG) technique is used to systematically investigate the vibrational dephasing behavior, single exciton re- laxation, and population relaxation dynamics of MEH-PPV. We can clearly see that the higher the polarity of the solvent is, the faster the TA kinetic curve decays. It indicates that the exciton dissociation becomes faster as the polarity of the solvent increases. Comparing the TG curves of MEH-PPV in different solvents, it is obviously seen that the dephasing rate obviously becomes slow in comparison with that of exciton, indicating that the phase information on excitons is really maintained and prolonged owing to hot exciton dissociation. The application of broadband transient grating technique offers a new way to simultaneously observe the coherence properties and population of transient species and understand the variance of the physical property in the ultrafast charge transfer process.
To better understand the transient process, the timedependent dynamics of the TG signal at 580 nm of MEH-PPV in toluene versus the grating period (Λ) are presented in FIG. 6 , which all show the complex nonexponential decay behavior. The dephasing rate gradually decreases as the Λ increase. The phenomenon can be explained that the phasing information would be kept for a long time due to the increasing of dipole's population with the grating period increasing. So the dephasing time would increase with the increasing of Λ.
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